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Outline

» Background

» First time demonstration of high speed
pressure, velocity and position of during
burn, deflagration and detonation

> System demonstrations
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Uniform Fiber Bragg Grating
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Chirped Fiber Bragg Grating
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ASE Light Source and Chirped FBG

ASE Source Spectrum vs Grating Reflectance

(Note: For better accuracy, grating spectrum should be
centered on 1550 nm)
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Cut Back Spectral Profiles
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Broadband ASE
laser source

Simplified Test Layout

FBG Return
Spectrum during
detonation
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Basic Operation Velocity, Position

Flat-topped broadband

ASE Broadband
Laser Source Spectrum |
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New PBX-9502 Test

Experimental Setup:

Experimental Setup:
fiber-optic Bragg grating detonation velocity sensor

Timeline:
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PBX-9502 Test

FBG# 502 Detonation Ve:locity Sensor Tést

Position (mm)
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Experimental results agree with numerical simulation
in the center portion of the grating.
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Program Objectives

* High speed system for pressure,
temperature, velocity and position during
burn, deflagration and detonation

* Incorporate system into appropriate test
bed

 Demonstrate effectiveness of approach
* Evaluate Results
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New Sensor Types

* (1) A chirped fiber grating with “masked”
regions to allow position measurement
and investigate pressure/temperature
shifts 135 mm in length

* (2) Uniform 6 mm long fiber gratings
written into side-hole optical fiber (second
approach to objective of first time high
speed pressure measurement, 1000 C
fiber gratings)
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Side-hole Optical Fiber
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Side-hole Optical Fiber (2)

1 I 1 | I 1 1 1 I I I 1 1 | 1 1 I
I § ; 13 psi I
N f : — — 7891 psi |
5 | i 5 §
2 T F : _ il
O L : 5 '
(a - ' ' i
L .-%/-T N : i -
I f \ : :
B /L; S SO S S, U e i
I /! \ i
[ s - : i
ot p g T SO SV

1299.8 1300.0 1300.2 1300.4 1300.6 1300.8
Wavelength (nm)

LLNL-CONF-531333



Conventional, PM and Side Hole Fiber
Response to 12000 psi
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Demonstration Articles

* Three approaches were considered,
propellant “test bomb”, autoclave and
Russian DDT

* Russian DDT was selected because (1)
could demonstrate burn, deflagration and
detonation, (2) cost effectiveness allowing
more test runs, (3) best media for pressure
demonstration
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Preparation of Test Articles (2)
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Placement in Test Fixture
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Block Diagram of Test Layout
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Expanded System for dual lines
and/or high speed acquisition

125M detectors 3 ns rise time ,
| | —# High speed digital

illgscopes

25 m patch cord to fiber grating line
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Spectral Profile of ASE Light
Source

ASE Light Source 1 mw output
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Spectral Profile of ASE Light
Source

*Spectral region at about 1528 nm is
at 38000 counts adjacent to 28000
count region

*Rapid fall off in response at shorter
wavelengths

*\Width of peak about 5 nm
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Spectral Profile of ASE Light
Source (2)

*\When pressure is first applied the
fiber grating will move toward shorter
wavelengths...toward lower light
emission levels (signal will drop...
followed by peak when 1528 peak is

encountered)
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Pipe 5 135 mm CFBG Spectra

135 mm CFBG C 5 mw
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Pipe 5 135 mm CFBG Det 1

Pipe 5 135 mm Chirped Fiber Grating Detector 1
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135 mm CFBG Sequence of

Events

*Spectral edge spans form 1535 to 1562 nm
*For this type of fiber a 10,000 psi pressure
results in a shift of about 0.26 nm

During “burn” there is a slow pressure rise
sufficient to drive 1535 edge beyond 1528 nm
(270,000 psi) (note steady decrease In
amplitude as profile moves across ASE profile)

LLNL-CONF-531333



135 mm CFBG Sequence of
Events (continued)

During deflagration first “dip” marker at
1552 Is driven off the edge 24 nm shift or
920,000 psi

*Second dip near transition from
deflagration to detonation occurs at 1559
nm 31 nm shift or 1,190,000 psi
Complete transition to detonation at
1560 nm or about 32 nm shift or
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Pipe 8 6 mm uniform FBG side hole on det 2

Pipe 8 6 mm Uniform Fiber Grating Side Hole Detector 2
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Pipe 8 6 mm uniform FBG side hole on det 2

*No blocking filter

*First peak driven over ASE peak,
followed by second peak being driven
over and return to nominal level

*Steady then first peak reaches ASE
peak, then consumption of FBG or forced
over ASE edge by pressure
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Read Out Unit Packaging
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Surface Placement Results

The CFBG detonation

velocity sensor can track the

progress of a detonation
along a surface.

Shot 689
1.0 FBG Boundary Condition Test
Detasheet - FBG - Air
FBG0828D (Length = 18 mm)
—_ 0.8 (Two detectors on same signal)
'E — "Lab Buddy" detector
\N./ — LLNL detector
0.6 FBG Simulation
> Detasheet,
= #
0
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E 151
c ]
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4 Curve Fit Results
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LLNL-CONF-531333




Between HE Layers

Boundary Condition: Embedded (HE / HE)
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Steel HE Boundary

Steel-HE boundary condition
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Edge Effects

1.0
3] Raw FBG signal
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FBG break points vs. Pin timing
FBG135G Shot 4

EDF-11 detonation block test
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Assembled EDF-11 test-shot with pins and CF

Post-shot timing data shows good
lation between pins and CFBGs,
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Edge Effects (2)

..weak shocks near the ends of the
CFBG sensor may may be difficult to measure

0.81 mm dia.
(Pin 7)
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FBG break points vs. Pin timing

FBG135G Shot 4

EDF-11 detonation block test

3/14/11

0.61 mm dia.
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Measuring Blast Shape

We tried firing a uf-TATB booster
with three embedded CFBG sensors

Booster in test fixture with PDV probes
and embedded CFBGs
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Blast wave mapping

Data was successfully acquired from 3 embedded FBG detonation
velocity sensors ...

22

Position vs. Time

=0 deg lbsen (top)
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...analyzed return signals from FBG sensors
showed that jetting was occurring (as predicted in
simulations).
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Multiphase Blast Experiments at LLNL

Recent multi-blast (MBX) experiments required us to measure
detonations along longer paths (=200 mm):

* 33 % LX-20/67% metal powder (by
weight) were mixed and poured into a

2” x 8” mold.
» 3 concatenated FBGs were embedded
into the explosive charge
—— o8
The FBG detonation 2 | P6
velocity diagnostic was 5 P5
used in a multiphase blast 3 | b4
experiment at LLNL in ks |
2011 5 |
B P2
o |
o PT pve Tube
' PBX-9407 Booster

Il
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Multiphase Blast Experiments at
LLNL
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Multiphase Blast Experiments at
LLNL

4 W

MBX shots assembled

Chirped FBG detonation velocity sensors were cast into explosive




Multiphase Blast Experiments at LLNL

Raw FBG data are digitized for analysis

. Shot MBX8

09-DEC-11

| \Concatenated FBGs | ©
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Digitized signals plotted in IGOR
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Multiphase Blast Experiments at LLNL

Position vs. time plots reconstructed from raw scope data

250 4
Shot MBX8 / ] /
09-DEC-11 200 Shot MBX9 708 mm/is (pins)
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50 - PositionFBG003ChT ] /‘\ —— PositionFBGO11
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0 - 0 T e e e
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Results of two shots show pins and FBG sensor outputs agreed
within approx. 3%. We think the error is likely due to the different

LLNL-CONF-531333




Summary

* A new diagnostic tool that can be used to
support measurement of velocity, position,
pressure and temperature during burn,
deflagration and detonation has been
demonstrated

« Early adopters are already beginning to
show the technology is cost effective and
offers measurements not previously

available
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